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ABSTRACT 
 

The paper highlights the critical safety issues in a Nuclear Power Plant (NPP) to be 
managed during the transition period from operation to decommissioning.  

Pre-shutdown is an important period of a NPP lifetime due to the changes and issues to be 
faced by the NPP management, which include safety culture issues, organizational issues, 
plant safety  issues and nuclear waste issues. 

Preservation of staff competence and moral, management and organizational capability, 
preservation of knowledge and corporate memory, preservation of safety culture, surveillance 
and permanent control to maintain adequate level of nuclear and radiation safety, 
development of appropriate solutions for the new incoming issues are the key challenges to be  
timely faced. 

The uncertainty regarding the future of the site, the future of the workers and the incoming 
re-organization originate numerous additional issues including stress for the personnel. It is 
necessary to take appropriate actions to reduce the uncertainty. 

The regulatory regime continues with the same rules as during operation. Responsibility 
for safety remains with the licensee and the regulatory supervision continues and oversees the 
safe operation and security of the NPP,  the safe management and  storage of spent nuclear 
fuel and  radioactive waste. Anticipated attention from the Operator and the Regulator to key 
organizational and safety culture issues during the pre-shutdown phase has shown to be an 
effective preventive action.  

The Operator has to aim to preserve staff competence and motivation, preserve corporate 
memory, safety culture, reinforce monitoring and control on the health risk of workers and 
population, preserve the technical part of the organization from external disturb and 
distractions, ensure transparency and develop strategies to solve  forthcoming issues. 

The Regulator has to aim to reorient its supervision, train its personnel and adapt its tools 
to the new situation, keep adequate presence onsite, keep dialogue with licensee, monitor that 
technical and management capability are available, ensure that preparation for 
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decommissioning is planned and managed adequately, make sure that funds are available for 
safe management of decommissioning, of spent fuel and radioactive waste.  

 
 

1. BACKGROUND 
 

The decision of closure of a NPP, in particular if before the expiry of the license for 
operation, can have significant effect on safety, on the staff and on the local economy.  

There are different issues regarding the transition from operation to shutdown, namely: 
safety culture and organizational issues, plant  technical issues and nuclear waste issues.  

Management and organizational issues have to be solved at an early stage considering also 
the decommissioning processes.  

The management of the NPP has to face complex situation, which requires permanent 
monitoring of the available and required resources, of the available competence, of the morale 
and technical matters. If these aspects are not dealt with in an adequate manner the results can 
be negative in terms of safety related consequences.  

The decision to shut down the NPP can derive in general from two major cases. One case 
is when the established design operating lifetime of the plant expires (so the next logical step 
is to shut down and decommission the installation, if there is no option for plant’s lifetime 
extension - it should be highlighted that over the past several years the tendency showed that 
most of the plants in the world aim at operational lifetime extension). The other case is when 
the end of operation is premature and is due to political, economical or safety considerations. 

It is a matter of fact that after the decision to shut down a nuclear power plant is taken, the 
organization stands in front of a great challenge from the management of organizational 
change point of view. The challenges are extremely difficult to cope with, especially given the 
consequent concerns (uncertainty) about the future of the onsite organization and of the staff.  

 

 
2. TRANSITION PERIOD  

 
The transition period from operation to decommissioning of NPP could be divided in two 

main phases: 
a) the period antecedent the definitive termination of power generation (pre-shutdown phase) 

is characterized by the period of debate and discussions before making the final decision 
for shutdown plus the period of remaining operation; 

b) the period after the termination of the operation, which includes the conditions of the  
facility having still nuclear fuel, without  nuclear fuel (change of technical specifications)  
and in  preparatory activity for start of decommissioning. 

From a more general, and systematic, point of view the pre-shutdown phase should be 
considered as the initial part of the project of the end of the life of the facility and its 
decommissioning up to the site clearance. 

 
 

3.  KEY CHALLENGES DURING THE PRE-SHUT DOWN PHASE  
 

The pre-shut down phase, as the very initial chapter of the transition to decommissioning 
scenario, presents unique challenges for the operator, regulatory body and even the state 
administration.  
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The major areas/issues needing attention and preventive actions of the interested parties 
deal with: preservation of staff competence and moral, management and organizational 
capability, preservation of knowledge and corporate memory, preservation of safety culture, 
surveillance and permanent control to maintain adequate level of  nuclear and radiation safety, 
development of appropriate solutions for the incoming issues.     
Key challenges, needing to be timely faced, are summarized below. The schematic table 1 
gives a general idea of measures to be developed to face them. 

Table 1  
 Potential Provisions/Measures 

 
 
 

Key challenges  

Preserve staff 
competence and 
self assessment 
of safety culture 

Surveillance 
and 

systematic 
control of the 
N&R safety  

risk  
 

Open dialog 
with personnel 
Transparency 

from 
management  

Developmen
t of long-

term 
perspective 

and 
opportunity 
for staff re-
employment 

Supervision 
from NRA  on-
site inspectors, 

specific 
regulations and 

effective 
dialog  

Promotion and 
issue of 

Management 
policy for  the 

change  
 

 Termination of 
safety improvement 
programs underway 

 X   X  

Decrease of staff 
motivation   X X  X

Risk of knowledge 
preservation X    X X

Preservation of 
facility 
documentation 
(drawings, dossier, 
maintenance, 
testing, operation 
reports, etc.) 

    X  

 Negative  social 
impact   X X  X

Maintain  key 
organizational 
functions and 
management skills 
crucial during the 
transition 

 X   X X

 Loss of Safety 
culture X X   X  

 Management of 
changes   X   X

 Management of 
uncertainties   X X  X

 
a) Termination of safety improvement programs underway  - Regulator’s position is that 

maintaining nuclear safety is a continuous process that has to be followed throughout the 
lifetime of the facility. This permanent course of action is expensive. The operator shall 
proceed with investments for the purposes of improvements and modernizations leading 
to the adequate safety level. Investments are reasonable when there is a payback and in 
this aspect operating organization may argue that the benefit of further safety measures is 
limited, because there is no/slight payback and hence some planned safety upgrading 
should be stopped, funds relocated or modernization projects delayed or frozen.  
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b) Decrease of staff motivation - The management at the site will have to cope with a brand 

new situation characterized by unavoidable uncertainty. It can give rise to the feeling of 
helplessness to the employees, when the decision for the shut down is considered 
unacceptable for the staff and also beyond their power. Cynicism could be the new 
employees’ attitude. The staff could suffer lower job satisfaction, due to many factors 
among which is the lack of security for the job. The insecurity will result in staff moral 
declining. The safety of the plant could be very easily affected.  

The organization might suffer from part of the staff leaving for another occupation or 
contributing less during the mentioned period of uncertainty. Moreover, it might lose 
competent and experienced workers and therefore remain without sufficient human 
resources to perform its operations adequately. Related to this issue has to be considered 
the  problematic aspect of  potential work overload on the people who remain and work 
for the organization.  

When an organization stands in front of such a change the individuals may deny the 
change and thus, hinder the implementation of the change. The staff may continue 
working as usual on the basis of a “wait and see” perception, abandoning the questioning 
attitude typical of a good safety culture.  In fact, postponing the assimilation of the change 
might de-motivate the staff to the extent that they would not be ready to perform 
satisfactorily when required, or react impulsively, with great detriment of safety. 

Another tendency that can take place and determine situations where safety is a low 
priority consists of the “put things on hold” attitude. In such a situation, activities that can 
be delayed could be left behind until the potential change is finally implemented. This can 
impact the human and material resources and could cause the postponement of purchases, 
the non–performance of routine maintenance activities, the deferment of staff training, etc.  
 

c) Management of uncertainty –  Provisions to reduce the feeling of uncertainty should be 
taken by the organization. Uncertainty could be reduced by increasing available 
information and transparency and by increasing the capability to control the evolution of 
foreseen and unforeseen situations.  

Increasing information to the personnel should be aimed at giving them a feeling of 
stability and reduced uncertainty. When staff suffers deficiency of information, people 
spend more time searching for reassurance. These activities may distract workers from 
doing their jobs safely.  

Increasing control over the current situation or over possible future situations is another 
approach for reducing of the uncertainty. The organization may attempt to increase control 
over the current situation by means of planning appropriate actions to envisage an 
acceptable future use of resources and capability existing on the NPP. 

Analysis of the actual situation and planning of alternative options for the employment 
of personnel is a helpful long-term approach. The bottom line is to maintain resources, 
while enhancing organizational control and reducing the uncertainty. For example, the 
number of the employees during such a situation could remain unchanged while the work 
hours are reduced. Thus when the organization needs more human recourses time will not 
be lost for recruit new hires. This approach assists the organization and the individuals to 
react to the change and to prevent potential safety problems from occurring.  

Another useful method used by the organization in order to manage the uncertainty is 
to establish polices, good practices and organizational units in order to guard the technical 
part of the organization, which should perform its operation in undisturbed and 
undistracted conditions. This technique helps crucial activities to be protected from the 
negative impact of the uncertainty. 
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d) Knowledge preservation- The risk  that the most experienced staff will leave,  enforced 

retirement; work abroad, reduction of young people are problems that can appear in the 
transition. All the above factors may be of different significance depending on the specific 
case but they determine loss of knowledge, shortage of human resources for the 
achievement of the organizational goals and also  possible shortage of competences.  

An even more complicated situation might arise if well-experienced staff leaves and 
many key positions become vacant. The loss of key personnel and experience equals to 
the loss of “corporate memory”. Loss of corporate memory is a significant aspect, which 
concerns both the safe operation and the safe shut down, and following dismantling, of the 
nuclear installation.  

 
e) Unavailability of sufficient decommissioning funds- With reference to the 

decommissioning funds availability, there shall be established in advance legislative 
provisions. The financial means for a money-consuming process such as the 
decommissioning shall be envisaged in advance. Allocation of such resources shall be 
stipulated in the national legislative norms (EU Directive is under discussion since 2003) 

 
f) Unavailability of sufficient funds for safe management of Radioactive Waste (RW) and 

Spent Nuclear Fuel (SNF)- The decommissioning refers to administrative and technical 
series of actions performed in order to remove regulatory control from the nuclear facility 
(except for a repository, which is, by definition, subject to closure and not 
decommissioning). The decontamination, dismantling and removal of radioactive 
materials, waste, components and structures are included in the decommissioning activity. 
The main purpose is progressive and systematic reduction of the radiological hazards. The 
main process guideline shall be stemming from preplanning and assessment, in order that 
safety during decommissioning is ensured. With a view to the above mentioned it should 
be underlined that sufficient funds for the safety management of the radioactive waste and 
spent fuel shall be provided. When such funds are not available the national legislation 
shall be changed in order such provisions to be assured.  

 
g) Unavailability of facilities for safe storage and final disposal of RW and SNF- Decision 

for the final disposal of radioactive waste and spent nuclear fuel shall be stipulated by a 
national strategy. This aspect could impact significantly the decommissioning option. The 
availability of low and intermediate waste storage facility or disposal is an important 
condition to start dismantling with the objective to release the site. For the HLW and SNF 
in Europe the disposal of HLW and SNF is an issue still under resolution (Directive from 
EU is under discussion since 2003). The availability of interim storage can provide the 
necessary support to carry out the decommissioning. 

 
h) Important social impact - Local regional program shall be developed and implemented for 

alternative employment and mitigation of other consequences originating from the plant’s 
termination of operation.  This aspect is mainly in the responsibility of operating 
organization and local/central administration. 

 
i) Preservation of complete set of drawings and records - When a decision for shut down 

and subsequent decommissioning of a nuclear reactor is taken the responsibility of the 
installation may be transferred to a different branch or to a different organization, which 
becomes the operating organization for the decommissioning. This transfer of  
responsibility requires that complete set of drawings and records of the NPP are provided 
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to whom it may concern. Attention shall be paid to the fact that the decommissioning 
activities may involve the work of contractors and subcontractors – external organizations 
not familiar with the nuclear installation, which work will require the provision of such 
records and drawings. Moreover adequate monitoring from the licensee is necessary to 
keep oversight of the onsite contractors ensuring that their activities are adequately 
interfaced for nuclear and radiation safety. 

 
j) Identification of key organizational functions and management skills that are crucial 

during the transition from operation to decommissioning - This stage consists of defining 
the organizational structures and processes required in order to ensure effective 
management of activities during transition to decommissioning.  The important point is 
the approach chosen for management of changes. The trust in management and achieving 
sustainable motivation of the personnel are the main points. Clear interface between 
existing organization and new changes for the new activities need to be ensured. 

 
 
 
4.  REGULATORY ACTIVITIES CONCERNING TRANSITION FROM 

OPERATION TO DECOMMISSIONING   
 

4.1. General consideration  
 

The Regulatory Authority has a relevant role during the transition representing the legal 
authority for controlling technical and organizational safety aspects to ensure that the 
activities on NPP are performed safely.  

The regulatory authority should establish appropriate regulations to license and oversight 
nuclear activities. Regulatory approaches to safe closure and strategies for decommissioning, 
even though limited, exist. In a few countries valuable experience has been already gained 
and a set of regulation is available. Other countries do not have regulatory references in force 
and face the lack of time, experience and resources to deal with the preparation of such 
regulatory documents.  

 The decommissioning activities, including an initial pre-shut down phase, represent 
specific conditions of the  facility with new regulatory issues to be considered related to:   

- technical and management safety  issues  
- licensing requirements for transition to, and for preparation of, future decommissioning 

activity; 
- regulatory framework for oversight the transition period and related processes with 

need to develop appropriate regulations  
- training of regulatory personnel; 
The operating organization shall provide to the regulatory body relevant information 

concerning areas of special attention for their potential safety impact, such as the future of the 
operating organization after shutdown; preservation of employees’ motivation; preservation 
of safety culture; ensure and monitor operational safety; maintenance and physical protection 
of the site; developed decommissioning strategies, etc.  

 The regulatory framework should consist of provisions to address the safety issues of the 
transition period and preparation for decommissioning of nuclear reactors. The national 
regulatory body should stipulate radiological criteria for the regulatory control release of 
materials and site and should make available the necessary regulation or guidance for 
requirements to be met (safe shutdown conditions, SNF, RW, decommissioning, release 
criteria, etc,). Some activities after the shut down could be performed under the operating 
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license. Such activities could be operational waste management, measurements in order to 
determine the radioactive inventory, nuclear fuel removal from the reactor, displacement of 
other materials related to original operation, and preliminary decontamination.  

 Effective dialog has to be established between  Licensee and Regulator, in particular to 
address and resolve aspects which are new and not covered by specific regulations. 

 The pre-shut down phase is fundamental in the perspective to prepare and develop those 
tools (legislative, regulatory, etc.) that will facilitate the regulator to play its role in the 
approval of selected decommissioning option, decommissioning plans, Quality Assurance 
Program (QAP), and other submitted documents related to activities dealing with SNF, RW 
management, storage and disposal. 

 The regulatory control mechanism shall envisage appropriate operator reporting on a 
scheduled basis. 

Continuous regulatory oversight is required, including the need for the licensee to prepare 
safety analyses for all phases of the decommissioning.  

It should be ensured also that the regulator has the necessary resources and available 
competences and man-power to perform its regulatory function. 

 
 
4.2. Regulatory activities in pre-shutdown phase 
 
The regulatory framework may stay the same as the one for the end of lifetime, but if there 

is need of other regulations and they are not prepared, then they shall be developed. 
Regulatory authorities must adapt their plans of inspections and enforcement measures to 
make them adequate to the challenges of each period.  

The basic objective of the regulations is to ensure the required level of protection of 
workers, population and environment. The regulator may utilize what available from the 
experience of other countries, therefore the importance of the international cooperation, both 
for the purpose of preparing new regulations as well for the training of its staff.  

The training of the staff of the regulatory authority shall encompass aspects dealing with 
technical aspects of plant systems and components, with management aspects of changes in 
the organization, with management of workers motivation and uncertainty. The training shall 
put stress on how to oversight the management of changes, the impact of the early termination 
on the safety culture and the decommissioning process in general and in details.  

Experience shows that regulators need to focus part of the oversight on the licensees’ 
processes for handling the emerging issues and to ensure that the transition activities and 
related safety issues are adequately addressed. The licensing regime needs to continue until 
there is no more danger from ionizing radiation. 

In the pre-shutdown phase attention shall be paid to the following items: 
- nuclear safety should have the highest priority in all phases of decommissioning and 

safety margins need to be maintained; 
- the operating organization should retain enough resources and capability of ordering, 

assessing and evaluating as well as draw the proper conclusions for nuclear safety and 
radiation protection. Also, it is important that the licensee keeps a strong oversight of 
contractors, and related interfaces,  they may use; 

- the entire process of decommissioning needs to be properly prepared, planned and 
documented; 

- new technical problems may arise, such as the handling of specific radioactive 
material. Attention should be paid and readiness to deal with the problems should be 
demonstrated; 
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- decision makers should be aware that a shutdown reactor needs stability in power 
supply for safety for a long time (cooling, emergencies, etc). Nuclear safety, radiation 
protection and emergency planning are still needed during decommissioning. Hazards 
exist in all phases. Occupational risks may even be greater during decommissioning 
that during operation. Risk of releases of radioactive substances also may be 
significant. Safety analysis including radiation mapping and potential waste 
characterization are important and should be required;  

- availability of qualified staff during all phases of decommissioning;  
- necessary active participation of stakeholders; 
- an agreed strategy to transport and manage spent nuclear fuel and radioactive waste 

including clear roles, responsibilities and availability of  financial resources. 
 
 
4.3. Regulatory supervision   
 

The regulator’s role is to oversee if nuclear activities concerning commissioning, operation 
or decommissioning are conducted in a safe way. 

Experience seems to suggest that regulator needs to focus on assuring that plans and 
preparations are in place as well as on regulating and supervising the management of the 
change by the licensee.  When a plant is stopped there is a complete change of goal of the 
organization.  The licensee has to change the major goal of the organization from operating 
the plant for production of electricity to managing the decommissioning process. This will 
require a strong change management process. Some people may accept the change others may 
choose to leave.  

The various phases of the decommissioning need to be understood by, and communicated 
to, the parties concerned. Parties making the decision need to assume responsibilities and 
deliver the necessary support to the licensee. Response plans need to be established. 
Experience shows that an active participation of concerned parties seems to facilitate the 
change. In this change process the nuclear safety regulator has important role. 

The identification of key organizational and safety culture issues related to shut down 
regime is important for the licensee as well as for the regulator. A response strategy to meet 
these challenges needs to be worked out.  

License holder has to manage the change safely with the participation of its staff, and the 
stakeholders. This involves safe operation during the remaining operation time, the safety and 
security of the closed facility, with or without fuel, and the safe storage and disposal of spent 
nuclear fuel and radioactive waste. Also, the active communication with employees, 
stakeholders and public is important. 

The regulator needs to oversee the safety of the above operations as well as communicate 
its actions to public. Regulatory inspections are required and a clear signal from the regulator 
that safety is still a matter of oversight needs to be given to the stakeholders. 

The decision from the Regulator should be taken on the basis of adequate information from 
the Licensee and related safety analysis, of the experience and judgment of the senior 
manager having many years of experience and should, as much as possible, make reference to 
an internal structured decision making process. 

 
5.  CONCLUSIONS   

 
The licensee is responsible for safety and security of the NPP during all lifetime and  also 

during the decommissioning. However, during pre-shutdown phase, stress and concern of 
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staff and stakeholders may arise and onsite management and workers may divert focus from 
safety to other aspects.  

In particular premature shut down of nuclear power plants might increase the risk of 
abnormal operating conditions or even accidents, if not managed properly. One very critical 
time is the period till the end of power generation. Some of the reasons for this are: 

- the possible degradation of safety and security culture due to loss of staff motivation; 
- the possible loss of knowledge and of skilled and experienced personnel; 
- the possible reduction in quality of work processes and technical safety. 
The nuclear safety regulator needs to reorient its oversight and may need to increase its 

presence at the site. It has also to train its personnel and adapt its legislative tools to the new 
situation.  

The dialogue between Operator and Regulator is important and need to be strengthen 
during the transition time. The operator shall ensure continuous surveillance of safety and 
security culture, by self assessment,  and reporting of the safety indicators to the regulator.  

The regulator should ensure that transition and decommissioning proceeds in accordance 
with safety requirements and intervene in  any phase of the process if safety margins erode to 
unacceptable levels. Experience has shown that the need of resources devoted to pre-shut 
down and  decommissioning  oversight can be significant.  

Also, the parties responsible for the decision to decommission a nuclear installation and the 
nuclear safety regulator need to make sure that enough funds are available for the activities to 
be performed, including the safe management of nuclear waste. 

Proper protection of workers, public and environment from hazards at all decommissioning 
phases shall be the primary goal. Radiological safety objectives shall be defined at the basis of 
safety assessment of hazards during decommissioning. In some case such measures may be 
different from those applicable during the plant operation period.  

Pre-shut down phase is a time period particularly important to address anticipated attention 
to incoming phases, for their planning and analysis of related issues.  

Preplanning of actions, preparatory work and careful management of organizational 
changes are key aspects for ensuring activities without undue risk or radiological impact on 
employees, public and environment.  

The issues coming from the transition from operation to decommissioning should be 
treated in a systematic manner in order to avoid the occurrence of safety problems, to 
maintain safety at the adequate level and to assure the required resources.  

The transition should be logically considered as the initial part of the ‘’end of life’’ project 
of the NPP covering the management of the end of NPP closure and  its decommissioning up 
to the site clearance. In this phase new safety issues and concerns have to be faced by the 
involved parties: 
- the Operator has to aim to preserve staff competence and motivation, preserve corporate 

memory, safety culture, reinforce monitoring and control on the health risk of workers and 
population, preserve the technical part of the organization from external disturb and 
distractions, ensure transparency and developing strategies and adequate solutions to forth 
coming issues. 

- the Regulator has to aim to reorient its supervision, train its personnel and adapt its tools 
to the new situation, keep adequate presence onsite, keep dialogue with licensee, monitor 
that technical and management capability are available, ensure preparation for 
decommissioning is planned and managed adequately, make sure that funds are available 
for safe management of decommissioning and related activities for spent fuel and waste 
management.  

 
 

 
Proceedings of the International Conference “Nuclear Energy for New Europe 2005” 



109.10 

Acknowledgments 
 
We would like to express our gratitude to Mr. Antonio Madonna for providing support in the 
preparatory phase of the investigation and information from the regulatory experience in Italy 
and Europe. 
 
 
6.  References 
 
 
1. International Atomic Energy Agency, Organization and Management for 

Decommissioning of Large Nuclear Facilities, Technical Reports Series No. 399, IAEA, 
Vienna (2000). 

 
2. Joint Convention on the Safety of Spent Fuel Management and on the Safety of 

Radioactive Waste Management, INFCIRC/546, 24 Dec. 1997, IAEA, Vienna (1997). 
 
3. International Atomic Energy Agency, Managing Change in Nuclear Utilities, IAEA-

TECDOC-1226, Vienna (2001). 
 
4.  International Atomic Energy Agency - Safety Reports Series No. 31 Managing the early 

termination of operation of nuclear power plants IAEA VIENNA, 2003 
 
5. International Atomic Energy Agency,  Self-assessment of Operational Safety for Nuclear 

Power Plants, IAEA-TECDOC-1125, Vienna (1999). 
 
6. Expert Group on Nuclear Power Plant Life Management, Status Report on Nuclear Power 

Plant Life Management, Rep. NEA/SEN/NDC/(2000) 6, OECD, Paris (2000). 
 
7. International Atomic Energy Agency, Quality Assurance for Safety in Nuclear Power 

Plants and other Nuclear Installations, Safety Series No. 50-C/SG-Q, IAEA,Vienna 
(1996). 

 
8. International Atomic Energy Agency, Decommissioning of Nuclear Power Plants and 

Research Reactors, Safety Standards Series No. WS-G-2.1, IAEA, Vienna (1999). 
 
9. International Atomic Energy Agency, Management of Delayed Nuclear Power Plant 

Projects, IAEA-TECDOC-1110, Vienna (1999).  
 
10. International Atomic Energy Agency, Risk Management: A Tool for Improving Nuclear 

Power Plant Performance, IAEA-TECDOC-1209, Vienna (2001). 
 
11. International Atomic Energy Agency, Record keeping for the decommissioning of nuclear 

facilities: guidelines and experience Technical reports series No. 411 - VIENNA, 200 
 
12. Italian Nuclear Regulatory Authority Technical Guides  

 
Proceedings of the International Conference “Nuclear Energy for New Europe 2005” 


